Abstract-Measurement
I. INTRODUCTION
According to the studies of Natural Resources in Malaysia, the population will exceed more than 42 million in 2050 from 29 million in 2010 [1] , consequently, the domestic and industrial water demand will increase from 9543 Mld (3483 million m3/yr) in 2000 to 31,628 Mld (11,543 million m3/yr) in 2050. The water consumption is expected to increase dramatically by 2 times more in 2020 [2] . Therefore, measurement and monitoring of water flow information such as speed and consumption are considered as two of the most important issues in industry and in domestic applications. Although, there are many techniques to measure the consumption and speed of water flow, such as ultrasonic, electromagnetic and mechanical mechanism [3] , there are some difficulties with their utilization such as the requirement of power supply, low sensitivity, the effects of environmental disturbing signals, ambient noises, reliability and capability of the system to recognize the error occurred. Several techniques have been proposed to identify the flow speed and consumption. In the transient time based ultrasonic meter [4] , the algorithm is assigned to calculate the transient time of the ultrasonic wave from emitter to receiver using complicated formula [4, 5] . Besides, the electromagnetic meters have their own measurement algorithm to measure the consumption and flow speed, based on their operation mechanism. In this case, the direction of flow can be recognized by the polarity of the induced voltage [6] . In general, measurement algorithm, which consists of complicated mathematical equation, is designed according to the meter type. However, none of them are capable of detecting the source of occurring error. The applied complicated algorithm may also increase the required time for the measurement [7] .
In this paper a new measurement technique is explained which is based on developed rotary encoder system. The measurement algorithm is simple but it is able to accomplish the designed task.
II. SYSTEM OPERATION
The proposed rotary encoder system, which has been used for water meter application can be separated in several blocks as illustrated in Fig. 1 .
Measurement Technique for Bidirectional Four
Sensor Rotary Encoder The sensor unit consists of four analog h with special configuration attached to the p couple of magnets, which are embedded in a actuators for the hall-effect sensors. In this output of hall-effect sensor is proportiona effective magnetic flow. The correlation betw magnetic flux can be expressed as where V H is the output voltage of hall-effec current, which passes through the hall e strength of the magnetic field , is the angle of flowing current in hall substance and the flux, and is the rating on hall elem creating voltage that corresponds to the magn The output signal of the conventional li effect sensor versus varying the strength of m polarity is shown in Fig. 2 . Since the designed sensory system produ due to the sensor configuration, 8 different created at the outputs of readout circuit for a of the rotary disc. These different situa because of the movement of rotary disc magnet altering the hall-effect sensor outpu sensors are placed in couple with 180 differ them is affected by N-polarity from the pe nal water meter hall-effect sensors plastic cover and a a rotary disc as the configuration, the al to the applied ween the effectual ct sensor, is the element, B is the e between the axis e axis of magnetic ment efficiency in netic field [8] . inear analog hallmagnetic field and ll-Effect sensor uces 4 bits output t situations can be a complete rotation ations are formed embedded in the ut. Since the four rence, when one of ermanent magnets, its corresponding complementa polarity. Therefore, noise can system, which is using this met
A. Readout Circuit Operat
In the developed system, converted to logical value bet and 1, respectively. Then, the readout scheme to reduce the which decreases the power co 4bits data from the readout cir rotary dish is based on hexadec When the disc rotates, the se from 0x0F, followed by, 0x0 0x0A and 0x0E. From the seq there is only one different bit w previous state in each consecut This is due to the configurati readout circuit. It leads to the defective component in the rea occurrence probability of any f
On the other hand, the other is defined as the invalid state defect that is derived from sen human interception. The huma the previous art due to the a sensors and their configuration 0x00, 0x01, 0x02, 0x03, 0x04,
The hexadecimal code is analyze the occurred states, t speed from the rotation speed consumption from the number analysis leads to the direction direction of water flow. Moreo happen, the occurred fault in discussed above.
At the final stage, the data i (MCU). The PIC18F series of t as the processor for the digital circuit. This MCU has been features such as the sleep mod watt range. Moreover, this pr digital convertor. It also has 10 16 bits Timer/Counter module protocol to communicate with e
B. Intelligent Algorithm
The developed algorithm f technique aims to
• Detect the flow speed.
• Calculate the water c number of complete r flow direction and the • Detect the flow directi ary sensor is also affected by Snnot affect the operation of the thod [9] . tion the 4 bits outputs have been tween 0 and 3.3V for logical 0 e negative logic is used in the readout circuit active duration onsumed. Finally the output of rcuit for a complete rotation of cimal value. equence of valid situations start 07, 0x05, 0x0D, 0x0F, 0x0B, quences, it has been noticed that with respect to the next and the tive sequence of sensor outputs. ion of the sensors and utilized detection of damaged sensor or adout circuit which reduces the fault during the operation.
state generated by 4 bits output e. It can take place due to any nsors, analog readout circuit or an interception was possible in application of three hall-effect n [10]. The invalid sequences are 0x06, 0x08, 0x09 and 0x0C. employed in the processor to thus extracting the water flow as well as extracting the water r of rotations. In addition, this of rotation, which indicates the over, when the invalid sequences n the system is recognized as s analyzed by a microcontroller the Microchip has been selected output signals from the readout selected due to its low power de, which only consumes nanorocessor uses 10-bit analog to 024 byte capacity for EEPROM, , and supports the RS232 serial external devices.
for the proposed measurement . consumption by recognizing the rotations according to the water e last position of movable disc. ion.
• Recognize the system fault whether it is in the sensor or in the analog readout circuit
The developed algorithm is also designed to make the system able to manage the power consumption as well as storing the last data to avoid interruption into the system and displaying the processed data in the monitoring center. The algorithm was developed based on comparison between the current created code and the previous occurred states in order to expect the possible next states. Therefore it is possible to decide the complete rotation based on the increase or decrease of the total number of states. For this purpose, memory is required to store the necessary data. In this system the internal EEPROM is utilized for information storage. In order to reduce the power consumption, a switching technique was applied in this study. The main idea of this technique is to deactivate the whole system during the idle time of the system that leads to minimize the power dissipation. This deactivation can be performed by implementation of an electronic switch to turn the analog readout circuit on and off according to the requirements. It is based on the predetermined duty cycle, which must be calculated in such a way that all states can be detected during a complete rotation. It means the sleep time of the power signal must not exceed the minimum duration of the state variations at the output of the readout circuit at maximum water flow speed. In the applied microcontroller, a 16 bit timer/counter block was employed to create the required duty cycle. The principle of utilized method is demonstrated in Fig.  3 . The applied microcontroller is able to work in the sleep mode at low frequency of about 32.768 KHz, which leads to reduce the power consumption into nano-watt range.
After collecting and analyzing the data by the readout circuit, it would be transmitted to the monitoring center trough USB or wireless module. The rotation speed, flow direction, accumulated number of rotations, and the occurred fault are displayed in the monitoring center.
To transmit the calculated data, a data frame and special coding system are needed as shown in Fig. 4 . This encryption and frame must be compatible with the algorithm in the display system to be decoded and represented on the display. The proposed data frame contains the maximum length of data at the beginning of data string. A certain and individual hexadecimal code like 0xAA and 0xBB are needed to specify the beginning of consumption value and the beginning of error report, respectively. Then, a termination code, which is stated as LSB byte is needed to determine the end of transmission. Furthermore, for safety purposes, a set of logical operations between the bits of data can be applied, but the procedure must be inversed in the receiver to rebuild the data. 5 shows the flow chart of the measurement technique applied in the system. It has several steps until it can be displayed on the display device. First, the power supply of system is enabled. Then, the EEPROM is initialized in order to load the latest stored data comprising of the total number of occurred states, the last occurred state, the penultimate situation, last value of consumption, the number of reverse situations, reverse flow bit representing the inverse direction of flow, the expected forward and reverse situations which indicate the forecast forward and inverse codes of the next state, and the error code that demonstrates the last error of the system before it stops. Afterward, the in third step, an "active-bit" is checked to make sure the system is in the active mode. After that, in the fourth step, the four output signals from the analog interface circuit are converted immediately by onboard separate analog to digital convertor channels and processed by the microcontroller, where the current state of the sensors is translated in hexadecimal code.
The fifth step is the data analysis, which is the main part of the algorithm. It starts with checking the validity of the occurred code. Then the current state is compared with the last, penultimate and expected reverse states. As a result, three different states may take place. The first state resulted from the changing of flow direction from forward to reverse, while the second state was the result of changing of the flow direction from reverse to forward. In the third state, the direction of the flow is not changed and the converted code implies on moving rotary disc. Furthermore, the numbers of forward and reversed states are investigated in all three cases. As a result, if any repetitive code happens with respect to the last situation, no changes are applied to the data. Meanwhile, once the invalid code is detected, the error bit will be identified due to the fact that there is only one different bit between each consecutive code in the encrypted data. As a result, the defective component can be identified using expected variables and the last valid occurred code.
Then, in the sixth step, the new values of variables are stored in EEPROM after analyzing the data, recognizing the fault, detecting the direction and calculating the speed and the number of complete rotations. In the proposed algorithm, when any fault occurs in the system, only the error code will be saved and the rest of variables are left unchanged.
Then, in the seventh step, the data is transmitted to be displayed in the display device. When the consumption variable reaches the maximum value, the process will end and reset. Otherwise, the whole system will be switched off and the microcontroller goes into the sleep mode according to the previously determined duty cycle. This system will be reactivated when the sleep mode timing ends and this procedure is repeated.
III. RESULT AND DISSCUSSION
The transmitted data from microcontroller to the display device is decoded and displayed. The Labview programming is employed to monitor and manage the performance of the four-sensor rotary encoder system. The Labview program extracts the occurred error and the direction of rotation and plots the speed rotation and the accumulated number of rotations where the experimental results of the proposed measurement technique using a DC motor as artificial turbine connected to the developed four-sensor rotary encoder system are shown in Fig. 6 . Besides, These extracted information from the proposed illeligent algorithm can be stored in a database to record the operation of the system at monitoring center.
In Fig. 6 (c) , the direction of rotation and the source of occurred fault are shown in the front panel of Labview programming using an indicator for direction and a window to show the error code, system status and the source of the error.
The speed of the rotation and the number of rotation are respectively plotted versus time in Fig. 6(a) and 6(b) . Therefore, if the flow speed (speed of rotation) is changed in a certain time period, then the slopes gradient of the graph in Fig. 6(b) is also changed as well. It may increase or decrease depending on the faster or slower flow speed.
Besides, the accumulated number of rotations in Fig. 6 (b) , which represents the water consumption, increases as long as the rotary disc is rotating in forward direction. However, when the rotary disc moves in reverse direction, the accumulated number of rotation in Fig. 6 (b) is decreased. The proposed measurement technique is efficient because the algorithm has been designed based on regular inspection of current occurred state. Its efficiency is due to the accountability of any changes of state during a complete rotation, whether in forward or reverse direction of the original orientation. Furthermore, utilizing the transmitted encrypted data leads to increase the data security and reduce the probability of error throughout transmission stage. This measurement technique is also designed based on consecutive digital codes and it has led to a simple and faster system compared to previous works [5, 6] .
IV. CONCLUSION
The measurement technique used on the bi-directional foursensor rotary encoder to be implemented on the water measurement instrument has been proposed and discussed. The functionality of the measurement technique has been tested and confirmed using a low speed DC motor as the artificial rotary turbine. The obtained results prove that the implemented algorithm is able to recognize the flow direction and system fault. In addition, it is able to calculate the number of rotations and rotation speed. Furthermore, the proposed algorithm is simple, which has led to accelerate the execution in calculation.
V. FUTURE WORK
Since the measurement technique was implemented on a rotary encoder, utilizing a DC motor as artificial turbine, the system will be again tested on a real turbine to test the functionality and accuracy of the proposed measurement algorithm.
